JPH11-345976 



(19) Japanese Patent Office (JP) 
(12) Publication of Patent Application (A) 
(11) Publication Number of Patent Application: Hll-345976 
(43) Date of Publication of Application: Hll(1999). December, 14 
5 (51) Int. CI. 6 Identification Mark FI 

H01L 29/786 H01L 29/78 617 N 

21/336 617 A 

622 

Request of Examination: required 
10 The Number of Claims: 22 OL (9 pages in total) 



(21) Application No.: H10-152730 

(22) Application Date: H10 (1998). June, 2 

(71) Applicant: 000004237 

15 NEC Corporation 

7-1, Shiba 5-chome, Minato-ku, Tokyo 

(72) Inventor: Kenichi Nakamura 

c/o NEC Corporation 
7-1, Shiba 5-chome, Minato-ku, Tokyo 
20 (74) Agent: Patent Attorney: Yasuyuki Hata 



(54) [Title of the Invention] HIGH BREAKDOWN VOLTAGE THIN FILM 

TRANSISTOR 

(57) [Abstract] 

25 [Object] To provide a high breakdown voltage thin film transistor in which a change in 
threshold voltage at an offset region and dielectric breakdown may not occur when a 
high voltage is applied to a drain region and a subgate electrode, and a decrease in ON 
current can be prevented. 

[Means for Solution] Since a second offset region 7 is interposed between an active 
30 region 6 and a first offset region 8, a first subgate electrode 13 formed over the first 
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offset region 8 is isolated from a main gate electrode 11. A second subgate electrode 
15 over the second offset region 7 is arranged at a position higher than the first subgate 
electrode 13, and the first and the second subgate electrode 13, 15 can be 
voltage-controlled, independently of the main gate electrode 11 or the like. 
5 [Scope of Claims] 

[Claim 1] A high breakdown voltage thin film transistor in which a source region, 

an active layer, a first offset region, and a drain region are arranged in a semiconductor 
thin film, characterized in that: 

a main gate electrode formed over the active layer with an insulating film 
10 interposed therebetween and a first subgate electrode formed over the first offset region 
with insulating film interposed therebetween are provided; 

the first subgate electrode is arranged at a position higher than the main gate 
electrode to the semiconductor thin film; 

a second offset region formed between the active layer and the first offset 
15 region arranged in the semiconductor thin film and a second subgate electrode formed 
over the second offset region with insulating films interposed therebetween are 
provided; 

the first subgate electrode and the second subgate electrode are respectively 
connected to voltage sources which are different from those of the main gate electrode, 
20 the source region, and the drain region; and 

the second subgate electrode is arranged at a position higher than the first 
subgate electrode to the semiconductor thin film. 

[Claim 2] The high breakdown voltage thin film transistor according to Claim 1, 

characterized in that the second subgate electrode is set apart a greater distance from the 

25 main gate electrode than the first subgate electrode. 

[Claim 3] The high breakdown voltage thin film transistor according to Claim 1 

or 2, characterized in that a width of the second offset region is set to 1 to 5 (im, 
[Claim 4] The high breakdown voltage thin film transistor according to any one 

of Claims 1 to 3, characterized in that a wiring for connecting the first subgate electrode 

30 and the second subgate electrode electrically is formed in an insulating film provided 
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between the first subgate electrode and the second subgate electrode. 
[Claim 5] The high breakdown voltage thin film transistor according to any one 

of Claims 1 to 4, characterized in that the second subgate electrode is formed with an 
extending portion above each of the main gate electrode and the first subgate electrode. 
[Claim 6] The high breakdown voltage thin film transistor according to any one 

of Claims 1 to 5, characterized in that the first subgate electrode is formed with an 
extending portion above the drain region. 

[Claim 7] The high breakdown voltage thin film transistor according to any one 

of Claims 1 to 6, characterized in that: 

a third offset region formed between the first offset region and the drain region 
and a third subgate electrode formed over the third offset region with an insulating film 
interposed therebetween are provided; 

the third subgate electrode is connected to voltage sources which are different 
from those of the main gate electrode, the source region, and the drain region; and 

the third subgate electrode is arranged at a position higher than the first subgate 
electrode to the semiconductor thin film. 

[Claim 8] The high breakdown voltage thin film transistor according to Claim 7, 

characterized in that the third subgate electrode is set apart a greater distance from the 
main gate electrode than the first subgate electrode. 

[Claim 9] The high breakdown voltage thin film transistor according to Claim 7 

or 8, characterized in that a width of the third offset region is set to 1 to 5 ^im. 
[Claim 10] The high breakdown voltage thin film transistor according to any one 
of Claims 7 to 9, characterized in that a wiring for connecting the first subgate electrode 
and the third subgate electrode electrically is formed in an insulating film provided 
between the first subgate electrode and the third subgate electrode. 
[Claim 11] The high breakdown voltage thin film transistor according to any one 
of Claims 7 to 10, characterized in that the third subgate electrode is formed with an 
extending portion above each of the drain region and the first subgate electrode. 
[Claim 12] The high breakdown voltage thin film transistor according to any one 
of Claims 1 to 11, characterized in that: 
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a fourth offset region, a fifth offset region formed sequentially from a close 
side to the source region between the source region and the active layer, a fourth 
subgate electrode formed over the fourth offset region with insulating films interposed 
therebetween, and a fifth subgate electrode formed over the fifth offset region with 
5 insulating films interposed therebetween are provided; 

the fourth subgate electrode and the fifth subgate electrode are respectively 
connected to voltage sources which are different from those of the main gate electrode, 
the source region, and the drain region; and 

the fourth subgate electrode is arranged at a position higher than the main gate 
10 electrode and the fifth subgate electrode is arranged at a position higher than the fourth 
subgate electrode to the semiconductor thin film. 

[Claim 13] The high breakdown voltage thin film transistor according to Claim 12, 
characterized in that the fifth subgate electrode is set apart a greater distance from the 
main gate electrode than the first subgate electrode. 

15 [Claim 14] The high breakdown voltage thin film transistor according to Claim 12 
or 13, characterized in that a width of the fifth offset region is set to 1 to 5 ym. 
[Claim 15] The high breakdown voltage thin film transistor according to any one 
of Claims 12 to 14, characterized in that a wiring for connecting the fourth subgate 
electrode and the fifth subgate electrode electrically is formed in an insulating film 

20 provided between the fourth subgate electrode and the fifth subgate electrode. 

[Claim 16] The high breakdown voltage thin film transistor according to any one 
of Claims 12 to 15, characterized in that the fifth subgate electrode is formed with an 
extending portion above each of the main gate electrode and the fourth subgate 
electrode. 

25 [Claim 17] The high breakdown voltage thin film transistor according to any one 
of Claims 12 to 16, characterized in that the fourth subgate electrode is formed with an 
extending portion above the source region. 

[Claim 18] The high breakdown voltage thin film transistor according to any one 
of Claims 1 to 16, characterized in that: 
30 a sixth offset region formed between the source region and the fourth offset 
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region and a sixth subgate electrode formed over the sixth offset region with an 
insulating film interposed therebetween are provided; 

the sixth subgate electrode is connected to voltage sources which are different 
from those of the main gate electrode, the source region, and the drain region; and 

the sixth subgate electrode is arranged at a position higher than the fourth 
subgate electrode to the semiconductor thin film. 

[Claim 19] The high breakdown voltage thin film transistor according to Claim 18, 
characterized in that the sixth subgate electrode is set apart a greater distance from the 
main gate electrode than the first subgate electrode. 

[Claim 20] The high breakdown voltage thin film transistor according to Claim 18 

or 19, characterized in that a width of the sixth offset region is set to 1 to 5 jxm. 

[Claim 21] The high breakdown voltage thin film transistor according to any one 

of Claims 18 to 20, characterized in that a wiring for electrically connecting the fourth 

subgate electrode and the sixth subgate electrode is formed in an insulating film 

provided between the fourth subgate electrode and the sixth subgate electrode. 

[Claim 22] The high breakdown voltage thin film transistor according to any one 

of Claims 18 to 21, characterized in that the sixth subgate electrode is formed with an 

extending portion above each of the source region and the fourth subgate electrode. 

[Detailed Description of the Invention] 

[0001] 

[Industrial Application Field] The present invention relates to a high breakdown 
voltage thin film transistor. More specifically, this invention relates to a high 
breakdown voltage thin film transistor in which a change in threshold voltage at an 
offset region and dielectric breakdown between a main gate electrode and a subgate 
electrode may not occur when a high voltage is applied to a drain region and the subgate 
electrode. Therefore, the high breakdown voltage thin film transistor can operate at a 
high drain voltage and control a subgate voltage at a high voltage to prevent ON current 
at the offset region from decreasing. 
[0002] 

[Prior Art] Conventionally, a high breakdown voltage thin film transistor is used 
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to be able to operate even if a high drain voltage is applied, as shown in, for example, 

IEEE ELECTRONDEVICES LETTERS, vol. 11, No. 6, p. 244, Fig. 1. 

[0003] 

As for a conventional high breakdown voltage thin film transistor 91 as 
5 described in Japanese patent application laid-open No. S57-134973, for example, as 
shown in FIG 9, a source region 95 doped with an impurity, an active layer 96 forming 
a channel, an offset region 97 not doped with an impurity or in which impurity 
concentration is low, and a drain region 98 doped with an impurity are sequentially 
formed in a semiconductor thin film 94 formed over an insulating or a semi-insulating 

10 substrate such as a glass substrate or a semiconductor substrate 92 with a base oxide 
film 93 interposed therebetween. In addition, a main gate electrode 100 formed over 
the active layer 96 with a first insulating film 99 interposed therebetween and a subgate 
electrode 102 formed over the offset region 97 with a second insulating film 101 
interposed therebetween are provided therein, and the subgate electrode 102 is arranged 

15 at a position higher than the main gate electrode 100 to the semiconductor thin film 94. 
[0004] 

As for the high breakdown voltage thin film transistor 91, a high breakdown 
voltage such as for example 400V can be achieved without the subgate electrode 102 by 
providing the offset region 97 in which impurity concentration is lower than that of the 

20 source region 95 and the drain region 98. However* since a width of the offset region 
97 is required to be longer than a width of a depletion layer from the drain region 98, 
the offset region 97 changes into a high resistivity and ON current is decreased without 
the subgate electrode 102. Therefore, when the subgate electrode 102 is provided and 
a drain voltage is set to be 100 V and then a voltage of around 60 V is applied to the 

25 subgate electrode 102, an inversion layer is formed in the offset region 97 and the offset 
region 97 changes into a low resistivity. In addition, the peak of electric field is 
formed in two boundary areas between the active layer 96 and the offset region 97, 
between the offset region 97 and drain region 98, and a breakdown voltage property is 
optimized. 

30 [0005] 
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However, ON current flowing in the offset region 97 is decreased when the 
width of the subgate electrode 102 for forming the inversion layer is narrow. 
Therefore, the subgate electrode 102 is formed with an extending portion about 1 jxm 
above the main gate electrode 100 in anticipation of an alignment margin in a lithography 
process. In that case, since the shortest distance between the main gate electrode 100 and 
the subgate electrode 102 becomes equal to a thickness of the second insulating film 101, 
which is about 700 nm for example, high electric field is generated between the main 
gate electrode 100 and the subgate electrode 102, and electric charge is injected into the 
second insulating film 101 when applied voltage to the subgate electrode 102 is raised in 
order to increase ON current. Therefore, the problem that threshold voltage of the 
offset region 97 changes or dielectric breakdown occurs between the main gate 
electrode 100 and the subgate elestrodel02 is generated. 
[0006] 

There are following problems in a high breakdown voltage thin film transistor 
using two subgate electrodes 31 and 51, which is shown in FIGS. 7 and 8 of Japanese 
patent application laid-open No. S57-134973. Generation of dielectric breakdown 
between a main gate electrode 6 and the subgate electrode 31 cannot be prevented 
because the subgate electrodes 31 and 51 are arranged on the same height from a 
semiconductor thin film 22 and the subgate electrode 31 has a structure extended above 
the main gate electrode 6. Next, voluntary voltage settings of the subgate electrodes 
31 and 51 are impossible and therefore electric field and ON current cannot be 
controlled harmoniously because the subgate electrodes 31 and 51 are respectively 
connected to voltage sources 9 and 11 which are the same as those of the main electrode 
6 and a drain electrode 8. And, it is necessary to provide a gap between the subgate 
electrode 31 and the subgate electrode 51 necessarily, but a region having a high 
resistivity is formed in an offset region provided lower than this gap. 
[0007] 

[Problem to be Solved by the Invention] Accordingly, an object of the present 
invention is to improve the above-described defects of the prior art and to provide a 
high breakdown voltage thin film transistor in which a change in threshold voltage at an 
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offset region and dielectric breakdown between a main gate electrode and a subgate 
electrode may not occur when a high voltage is applied to a drain region and the subgate 
electrode. Therefore, the high breakdown voltage thin film transistor can operate at a 
high drain voltage and control freely the applied voltage to the subgate voltage to 
5 prevent ON current at the offset region from decreasing. 
[0008] 

[Means for Solving the Problem] The present invention adopts technical structure 

described below basically to achieve the above-described purpose. 

[0009] 

10 That is to say, a first mode of the present invention relates to a high breakdown 

voltage thin film transistor in which a source region, an active layer, a first offset region, 
and a drain region arranged in a semiconductor thin film are provided, and a main gate 
electrode formed over the active layer with an insulating film interposed therebetween 
and a first subgate electrode formed over the first offset region with insulating films 

15 interposed therebetween are provided, and the first subgate electrode is arranged at a 
position higher than the main gate electrode to the semiconductor thin film. 
Additionally, in the high breakdown voltage thin film transistor, a second offset region 
formed between the active layer and the first offset region arranged in the 
semiconductor thin film and a second subgate electrode formed over the second offset 

20 region with insulating films interposed therebetween are provided, and the first subgate 
electrode and the second subgate electrode are respectively connected to voltage sources 
which are different from those of the main gate electrode, the source region, and the 
drain region, and the second subgate electrode is arranged at a position higher than the 
first subgate electrode to the semiconductor thin film. 

25 [0010] 

A second mode of the present invention relates to a high breakdown voltage 
thin film transistor in which a third offset region formed between the first offset region 
and the drain region, and a third subgate electrode formed over the third offset region 
with insulating films interposed therebetween are also provided in the high breakdown 
30 voltage thin film transistor described above in the first mode. In addition, the third 
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subgate electrode is connected to a voltage source which is different from those of the 
main gate electrode, the source region, and the drain region, and the third subgate 
electrode is arranged at a position higher than the first subgate electrode to the 
semiconductor thin film. 
[0011] 

A third mode of the present invention relates to a high breakdown voltage thin 
film transistor in which a fourth offset region, a fifth offset region sequentially formed 
from a close side to the source region between the source region and the active layer, a 
fourth subgate electrode formed over the fourth offset region with insulating films 
interposed therebetween, and a fifth subgate electrode formed over the fifth offset 
region with insulating films interposed therebetween are also provided in the high 
breakdown voltage thin film transistor described above in the second mode. 
Additionally, the fourth subgate electrode and the fifth subgate electrode are 
respectively connected to voltage sources which are different from those of the main 
gate electrode, the source region, and the drain region, and the fourth subgate electrode 
is arranged at a position higher than the main gate electrode and the fifth subgate 
electrode is arranged at a position higher than the fourth subgate electrode to the 
semiconductor thin film. 
[0012] 

A fourth mode of the present invention relates to a high breakdown voltage thin 
film transistor in which a sixth offset region formed between the source region and the 
fourth offset region and a sixth subgate electrode formed oyer the sixth offset region 
with insulating films interposed therebetween are also provided in the high breakdown 
voltage thin film transistor described above in the third mode. In addition, the sixth 
subgate electrode is connected to a voltage source which is different from those of the 
main gate electrode, the source region, and the drain region, and the sixth subgate 
electrode is arranged at a position higher than the fourth subgate electrode to the 
semiconductor thin film. 
[0013] 

[Embodiment Mode of the Invention] The high breakdown voltage thin film 
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transistor of the present invention adopts the structure as described above and is 
characterized hereinafter. A first subgate electrode formed over a first offset region is 
isolated from a main gate electrode by interposing a second offset region between an 
active region and the first offset region. Since a second subgate electrode over the 
5 second offset region is arranged at a position higher than the first subgate electrode, the 
second subgate electrode is further isolated from the main gate electrode than the 
conventional subgate electrode. Even if high electric field is generated between the 
main gate electrode and the first subgate electrode or the second subgate electrode, a 
change in threshold voltage at the offset region and dielectric breakdown hardly occurs, 

10 and thus, each of the subgate electrodes can be controlled by a high voltage. In 
addition, the first subgate electrode and the second subgate electrode can be 
voltage-controlled independently since the first subgate electrode and the second 
subgate electrode are respectively connected to voltage sources which are different from 
those of the main gate electrode, the source region, and the drain region, and therefore, 

15 electric field and ON current can be freely controlled. Therefore, even if it is operated 
at a high drain voltage, for example 200 V, dielectric breakdown between gate 
electrodes and a change in threshold voltage at an offset region is prevented, and that 
ON current can be controlled to be equal to or less than 10 % for example. 
[0014] 

20 [Embodiment] Hereinafter, a specific embodiment for a high breakdown voltage thin 
film transistor of the present invention is described in detail with reference to drawings. 
FIG 1 is a cross-sectional view to show structure of one specific embodiment of a high 
breakdown voltage thin film transistor 1 in the first mode of the present invention. 
Since a second offset region 7 is formed between an active layer 6 and a first offset 

25 region 8, a source region 5, the active layer 6, the second offset region 7, the first offset 
region 8, and a drain region 9 are sequentially formed in a semiconductor thin film 4, 
and a second subgate electrode 15 is formed over the second offset region 7 with 
insulating films 10, 12, and 14 interposed therebetween. In addition, the first subgate 
electrode 13 formed over the second offset region 8 with insulating films 10 and 12 

30 interposed therebetween is arranged at a position higher than the main gate electrode 11 
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formed over the active layer 6 with the insulating film 10 interposed therebetween to the 
semiconductor thin film 4. In addition, the second subgate electrode 15 is arranged at 
a position higher than the first subgate electrode 13 formed over the first offset region 8 
with insulating films 10 and 12 interposed therebetween to the semiconductor thin film 
5 4. 

[0015] 

In a high breakdown voltage thin film transistor of the present invention, from 
the aspect of preventing dielectric breakdown, the second subgate electrode 15 is 
preferably set apart a greater distance from the main gate electrode 11 than the first 

10 subgate electrode 13 as shown in FIG 1 for example. Moreover, not to generate the 
region which dose not invert, causing a decrease in ON current, the second subgate 
electrode 15 is preferably formed with an extending portion about lfxm, for example, 
above each of the main gate electrode 11 and the first subgate electrode 13, adding an 
alignment margin in a lithography process, and similarly the first subgate electrode 13 is 

15 preferably formed with an extending portion about l\im, for example, above the drain 
region 9. 
[0016] 

Additionally, the second offset region used in a high breakdown voltage thin 
film transistor of the present invention, as shown in FIG 1 for example, is provided 

20 between the active layer 6 and the first offset region 8 with their boundaries shared. As 
is clear from a graph showing relationships among the width of the second offset region, 
ON current, and a breakdown voltage at the time of operating the transistor as shown in 
FIG 8, the width of the each boundary-surface is preferably set to be 1 to 5 fxm so that a 
high breakdown voltage of 200 V can be achieved and a decrease in ON current can be 

25 controlled to be equal to or less than 10 %. In addition, the first offset region 8 and the 
drain region 9 is preferably provided with boundaries shared. 
[0017] 

Additionally, the first subgate electrode 13 and the second subgate electrode 15 
are respectively connected to a voltage source 19 (Vsga) and a voltage source 20 (Vsgb) 
30 which are different from a voltage source 16 (Vs) in a source region 4, a voltage source 
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18 (Vg) in a main gate electrode 11, and a voltage source 17 (Vd) in a drain region 9, 
and they can be voltage-controlled independently. However, as shown in FIG 2 for 
example, when a drain voltage (Vd) is set to be 100 V and the first subgate electrode 13 
and the second subgate electrode 15 are controlled by the constant and the same voltage, 
5 for example 70 V, a wiring 22 for connecting the first subgate electrode 13 and the 
second subgate electrode 15 electrically is preferably formed in an insulating film 14 
provided between the first subgate electrode 13 and the second subgate electrode 15 in 
order to prevent congestion of wirings, as shown in FIG 2 for example. 
[0018] 

10 FIG 3 is a cross-sectional view to show structure of one specific embodiment 

of high breakdown voltage thin film transistor 31 in the second mode of the present 
invention, with elements same as those of FIG 1 represented by the same symbol. By 
forming a third offset region 32 between an offset region 8 and a drain region 9 in the 
specific embodiment as shown in FIG 1 additionally, a source region 5, an active layer 

15 6, a second offset region 7, the first offset region 8, the third offset region 32, and the 
drain region 9 are sequentially formed in a semiconductor thin film 4, and a third 
subgate electrode 33 is formed over the third offset region 32 with insulating films 10, 
12, and 14 interposed therebetween. In addition, the third subgate electrode 33 is 
arranged at a position higher than the first subgate electrode 13 formed over the first 

20 offset region 8 with insulating films 10 and 12 interposed therebetween to the 
semiconductor thin film 4. 
[0019] 

From the aspect of preventing dielectric breakdown, the third subgate electrode 
33 is preferably set apart a greater distance from the drain region 9 than the first subgate 

25 electrode 13 as shown in FIG 3 for example. Further, not to generate the region which 
dose not invert, causing a decrease in ON current, the third subgate electrode 15 is 
preferably formed with an extending portion about 1 [irn for example above each of the 
first subgate electrode 13 and the drain region 9, adding an alignment margin in a 
lithography process. 

30 [0020] 
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Additionally, the third offset region used in a high breakdown voltage thin film 
transistor of the present invention, as shown in FIG 3 for example, is provided between 
the first offset region 8 and the drain region 9 with their boundaries shared. As is the 
case with the second offset region 7, the width of the each boundary-surface is 
5 preferably set to be 1 to 5 \im so that a high breakdown voltage of 200 V can be 
achieved and a decrease in ON current can be controlled to be equal to or less than 10 % 
at the time of operating the transistor. 
[0021] 

Additionally, the third subgate electrode 33 is connected to a voltage source 34 
10 (Vsgc) which is different from a voltage source 16 (Vs) in a source region 4, a voltage 
source 18 (Vg) in a main gate electrode 11, and a voltage source 17 (Vd) in a drain 
region 9, and it can be voltage -controlled independently. In addition, in the case of an 
example of FIG 3 as well as the case shown in FIG 4, when a drain voltage (Vd) is set 
to be 100 V and the first subgate electrode 13 and the second subgate electrode 15 are 
15 controlled by the constant and the same voltage, for example 70 V, a wiring 42 for 
connecting the first subgate electrode 13 and the second subgate electrode 15 
electrically is preferably formed in an insulating film 14 provided between the first 
subgate electrode 13 and the second subgate electrode 15 in order to prevent congestion 
of wirings. Alternatively, in substitution for the wiring 42, a wiring for connecting the 
20 first subgate electrode 13 and the third subgate electrode 33 electrically may be formed 
or a wiring for connecting the second subgate electrode 15 and the third subgate 
electrode 33 electrically may be formed. 
[0022] 

FIGS.l to 4 show examples in which offset regions and subgate electrodes are 
25 added sequentially between the active layer 6 and the drain region 9. However, as for 
a high breakdown voltage thin film transistor of the present invention, since applied 
voltages of the drain region 9 and the source region 5 may be used reversely, offset 
regions and subgate electrodes are preferably added sequentially between the source 
region 5 and the active layer 6, as is the cases with examples of FIGS. 1 to 4, while 
30 sandwiching the main gate electrode 11 symmetrically. FIG 5 is a cross-sectional 
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view to show structure of one specific embodiment of high breakdown voltage thin film 
transistor 51 in the third mode of the present invention, with elements same as those of 
FIG 1 represented by the same symbol. Since a fourth offset region 52 and a fifth 
offset region 53 are formed between a source region 5 and an active layer 6 in the 
5 specific embodiment as shown in FIG. 1 additionally, the source region 5, the fourth 
offset region 52, the offset region 53, the active layer 6, a second offset region 7, a first 
offset region 8, a third offset region 32, and the drain region 9 are sequentially formed 
in a semiconductor thin film 4, and a fourth subgate electrode 54 is formed over the 
fourth offset region 52 with insulating films 10, 12 interposed therebetween, and a fifth 

10 subgate electrode 55 is formed over the fifth offset region 53 with insulating films 10, 
12, and 14 interposed therebetween. In addition, the fourth subgate electrode 54 is 
arranged at a position higher than the main gate electrode 11 formed over the active 
layer 6 with the insulating film 10 interposed therebetween, and the fifth subgate 
electrode 55 is arranged at a position higher than the fourth subgate electrode 54 to the 

15 semiconductor thin film 4. 
[0023] 

From the aspect of preventing dielectric breakdown, the fifth subgate electrode 
55 is preferably set apart a greater distance from the main gate electrode 11 than the 
fourth subgate electrode 54 as shown in FIG 5 for example. Additionally, not to 

20 generate the region which dose not invert, causing a decrease in ON current, the fifth 
subgate electrode 55 is preferably formed with an extending portion about 1 \xm for 
example above each of the fourth subgate electrode 54 and the main gate electrode 11, 
adding an alignment margin in a lithography process, and similarly the fourth subgate 
electrode 54 is preferably formed with an extending portion about 1 \xm for example above 

25 the source region 5. 
[0024] 

Additionally, the fifth offset region used in a high breakdown voltage thin film 
transistor of the present invention, as shown in FIG 5 for example, is provided between 
the fourth offset region 52 and the active layer 6 with their boundaries shared. As is the 
30 case with the second offset region 7, the width of the each boundary-surface is 
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preferably set to be 1 to 5 jxm so that a high breakdown voltage of 200 V can be 
achieved and a decrease in ON current can be controlled to be equal to or less than 10 % 
at the time of operating the transistor. In addition, the fourth offset region 52 and the 
source region 5 is preferably provided with boundaries shared. 
5 [0025] 

Additionally, the fourth subgate electrode 54 and the fifth subgate electrode 55 
are respectively connected to a voltage source 56 (Vsgd) and a voltage source 57 (Vsge) 
which are different from a voltage source 16 (Vs) in a source region 4, a voltage source 
18 (Vg) in a main gate electrode 11, and a voltage source 17 (Vd) in a drain region 9, 
10 and they can be voltage-controlled independently. In addition, in the case of an 
example of FIG 5 as well as the case shown in FIGS. 2 and 4, a wiring for connecting 
the fourth subgate electrode 54 and the fifth subgate electrode 55 electrically may be 
formed. 
[0026] 

15 FIG 6 is a cross-sectional view to show a structure of one specific embodiment 

of high breakdown voltage thin film transistor 61 in the fourth mode of the present 
invention, with elements same as those of FIG 5 represented by the same symbol. 
Since the third offset region 32 and the third subgate electrode 33 as shown in FIG 3 are 
formed and further a sixth offset region 62 is formed between a source region 5 and a 

20 fourth offset region 52 in the specific embodiment as shown in FIG 5, the source region 
5, the sixth offset region 62, the fourth offset region 52, the fifth offset region 53, the 
active layer 6, a second offset region 7, a first offset region 8, a third offset region 32, 
and the drain region 9 are sequentially formed in a semiconductor thin film 4, and a 
sixth subgate electrode 63 is formed over the sixth offset region 62 with insulating films 

25 10, 12 and 14 interposed therebetween. In addition, the sixth subgate electrode 63 is 
arranged at a position higher than the fourth subgate electrode 54 formed over the fourth 
offset region 52 with insulating films 10 and 12 interposed therebetween. 
[0027] 

From the aspect of preventing dielectric breakdown, the sixth subgate electrode 
30 63 is preferably set apart a greater distance from the source region 5 than the fourth 
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subgate electrode 54 as shown in FIG. 6 for example. Additionally, not to generate the 
region which dose not invert, causing a decrease in ON current, the sixth subgate 
electrode 63 is preferably formed with an extending portion about 1 \im for example above 
each of the fourth subgate electrode 54 and the source region 5, adding an alignment 
5 margin in a lithography process. 
[0028] 

Further, the sixth offset region used in a high breakdown voltage thin film 
transistor of the present invention, as shown in FIG 6 for example, is provided between 
the fourth offset region 52 and the source region 5 with their boundaries shared* As is 
10 the case with the second offset region 7, the width of the each boundary-surface is 
preferably set to be 1 to 5 \im so that a high breakdown voltage of 200 V can be 
achieved and a decrease in ON current can be controlled to be equal to or less than 10 % 
at the time of operating the transistor. 
[0029] 

15 Furthermore, the sixth subgate electrode 63 is connected to a voltage source 64 

(Vsgf) which is different from a voltage source 16 (Vs) in a source region 4, a voltage 
source 18 (Vg) in a main gate electrode 11, and a voltage source 17 (Vd) in a drain 
region 9, and it can be voltage-controlled independently. In addition, in the case of an 
example of FIG 6 as well, a wiring for electrically connecting any two or three of the 

20 subgate electrodes 54, 55, and 63 may be formed. 
[0030] 

In addition, although the semiconductor thin film 4 is formed over the glass 
substrate 2 with a base oxide film 3 interposed therebetween in embodiments of FIG 1 
to FIG 6, a substrate for forming the semiconductor thin film 4 is not limited to this and 
25 any one of an insulating or a semi-insulating substrate, a silicon semiconductor substrate, 
or the like may be used, and the base oxide film 3 may be another insulating film or the 
like, or may not be used. 
[0031] 

Additionally, in the semiconductor thin film 4, although an n-type or a p-type 
30 impurity is respectively included in the source region 5 and the drain region 9 with an 
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order of 10 21 /cm 3 for example, for achieving a high breakdown voltage, impurities are 
preferably not included in the active layer 6, each of the offset regions 7, 8, 32, 52, 53, and 
62, or even if included, preferably, with amount of equal to or less than the order of 
10 15 /cm 3 . 
5 [0032] 

Furthermore, in embodiments of FIG 1 to FIG 6, since insulating films 10, 12 
and 14 and electrodes 11, 13 and 15 are layered alternately over the semiconductor thin 
film 4, heights of each of electrodes 11, 13 and 15 are regulated. However, shapes and 
materials of these electrodes and insulating films can be selected appropriately in the 
10 scope of not departing from essence of the present invention. 
[0033] 

Next, a method for manufacturing a high breakdown voltage thin film transistor 
of the present invention is described. FIG 7 is a process explanatory drawing to 
describe an embodiment of a method for manufacturing the high breakdown voltage thin 

15 film transistor as shown in FIG 1 for example, as one specific embodiment of the 
method for manufacturing the high breakdown voltage thin film transistor of the present 
invention. In FIG 7 (a), a base oxide film 72 to prevent an impurity from diffusing 
from a glass substrate 71, comprised of a silicon oxide having a film thickness of 500 
nm, is formed on the glass substrate 71 by a low-pressure CVD method for example. 

20 Additionally, a semiconductor thin film 73 which is comprised of an amorphous silicon 
having a film thickness of 100 nm is formed on the base oxide film 72 by a 
low-pressure CVD method for example. And, it is crystallized by an excimer laser 
beam and is patterned to form the semiconductor thin film 73 with a desired pattern 
shape which is comprised of polycrystalline silicon not containing impurities. Then, a 

25 first insulating film 74 having a film thickness of 100 nm which is comprised of a 
silicon oxide is formed on the base oxide film 72 so as to cover the semiconductor thin 
film 73 by a low-pressure CVD method for example. 
[0034] 

Next, as shown in FIG 7 (b), films having a laminated structure of an n-type 
30 polycrystalline silicon layer with a film thickness of 50 nm containing approximately 
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10 21 /cm 3 phosphorus formed by a low-pressure CVD method, and a tungsten silicide 
layer with a film thickness of 200 nm formed by a sputtering method are further 
patterned to form a main gate electrode 79. Then, an active layer 76 covered with the 
main gate electrode 73 for forming a channel is formed in the semiconductor thin film 
5 73 located below the main gate electrode 79. Furthermore, by using a resist 80, a part 
of the semiconductor thin film 73 is doped with a phosphorus ion 81 by an ion beam 
method for example to form a source region 75 and a drain region 78 containing around 
10 21 /cm 3 phosphorus. 
[0035] 

10 Next, as shown in FIG 7 (c), after removing the resist 80, a second insulating 

film 82 having a film thickness of 200 nm which is comprised of a silicon oxide is 
formed over the first insulating film 74 so as to cover the main gate electrode 80 by a 
low-pressure CVD method for example. Furthermore, an aluminum film having a film 
thickness of 200 nm is formed over the second insulating film 82 by a sputtering 

15 method for example, and is patterned to form a first subgate electrode 85. Then, a first 
offset region 84 covered with the first subgate electrode is formed in a part of the 
semiconductor thin film 73, that is an adjacent part to the drain region 78, located below 
the first subgate electrode 85. 
[0036] 

20 Next, as shown in FIG 7 (d), a third insulating film 86 having a film thickness 

of 400 nm which is comprised of a silicon nitride is formed over the second insulating 
film 82 so as to cover the first subgate electrode 85 by a plasma-CVD method for 
example. Furthermore, an aluminum film having a film thickness of 200 nm is formed 
over the third insulating film 86 by a sputtering method for example, and is patterned to 

25 form a second subgate electrode 87. Then, a second offset region 83 covered with the 
second subgate electrode is formed in a part of the semiconductor thin film 73, that is 
between the active layer 76 and the first offset region 84, located below the second 
subgate electrode 87. In addition, the second subgate electrode 87 is preferably formed 
with an extending portion equal to or less than l\xm for example above each of the first 

30 subgate electrode 85 and the main gate electrode 79, and the first subgate electrode 85 is 
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preferably formed with an extending portion equal to or less than 1 \im for example above 
the drain region 78. Furthermore, each of the active layer 76, the second offset region 83, 
the first offset region 84, and the drain region is preferably provided with their boundaries 
shared. 
[0037] 

Note that the other offset regions and subgate electrodes shown in FIG 2 to FIG. 
6 can be formed by the same method as that of an example shown in the FIG 7. 
[0038] 

[Effect of the invention] Since a high breakdown voltage thin film transistor of the 
present invention adopts the structure as described above, in each of the modes, even if 
high electric field is generated between any one of the source region, the main gate 
electrode, and the drain region and any one of the first to the sixth subgate electrodes, a 
change in threshold voltage at the offset region and dielectric breakdown hardly occurs, 
and thus, each of the subgate electrodes can be controlled by a high voltage. In 
addition, the first to the sixth subgate electrodes can be voltage-controlled 
independently since the first to the sixth subgate electrodes are respectively connected 
to voltage sources which are different from those of the main gate electrode, the source 
region, and the drain region, and therefore, electric field and ON current can be freely 
controlled. Therefore, even if it is operated at a high drain voltage, for example 200 V, 
dielectric breakdown between gate electrodes and a change in threshold voltage at an 
offset region is prevented, and that ON current can be controlled to be equal to or less 
than 10 % for example. 
[Brief Description of the Drawings] 

[FIG 1] A cross-sectional view to describe one specific embodiment for a high 
breakdown voltage thin film transistor of the present invention. 

[FIG 2] A cross-sectional view to describe one specific embodiment for a high 
breakdown voltage thin film transistor of the present invention. 

[FIG 3] A cross-sectional view to describe one specific embodiment for a high 
breakdown voltage thin film transistor of the present invention. 

[FIG 4] A cross-sectional view to describe one specific embodiment for a high 
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breakdown voltage thin film transistor of the present invention. 

[FIG 5] A cross-sectional view to describe one specific embodiment for a high 
breakdown voltage thin film transistor of the present invention. 

[FIG 6] A cross-sectional view to describe one specific embodiment for a high 
5 breakdown voltage thin film transistor of the present invention. 

[FIG 7] A cross-sectional view to describe processes of one specific embodiment of a 
method for manufacturing a high breakdown voltage thin film transistor of the present 
invention. FIG 7 (a) shows the state that a semiconductor thin film 73 is formed. 
FIG 7 (b) shows the state that a main gate electrode 79 is formed. FIG 7 (c) shows the 
10 state that a first subgate electrode 85 is formed. FIG7 (d) shows the state that a second 
subgate electrode 87 is formed. 

[FIG 8] A graph showing relationships among the width of a second offset region 7, 
normalized ON current (A), and a breakdown voltage (B) in a high breakdown voltage 
thin film transistor of the present invention. 
15 [FIG 9] Across-sectional view to describe a high breakdown voltage thin film transistor 
of a conventional invention. 
[Description of Signs] 

I, 21, 31, 41, 51, 61.. .high breakdown voltage thin film transistor 
2... substrate 

20 4. . .semiconductor thin film 

5... source region 

6... active layer 

7... second offset region 

8... first offset region 
25 9... drain region 

II. .. main gate electrode 
13... first subgate electrode 
15... second subgate electrode 
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75, sfeVi«5glC^^2-9-^-y— hfgl 5 iif£3-y-7 

[0022] 0i75M04©wj. siffittietKu 
«»««t7ty bifida tf-*y>*- h*i£tlta: 

m^m-nm^x^tz. &&mz&zm 3 

l^4rtlcy-Xffl^5, ^4t7t7hfS5 2, 15 

7, ^It7t7hi^8. S3t7t7hffi«3 2R 20 

t7hM5 2±l;$g»I10, 12^1X^4*7" 
y-h*S5 4, X^5t7t7 bffi^5 3 _fctC$fe 
iilO. 12, 1 4*^LT^5ityy- M15 5 

T, ^fe^4it^*-h«S5 4tt, *£S*Bll 0£;ffL 
T^KStt«6±tC^fig$tlfc^-r>y-hmSl l«fc 
OfcitS^ftBtC. XSil5f7y-htl5 5li. ^ 
Mfg4ityy-h*I5 4iO*i«^fiSlcEi$nT 

30 

[0 0 2 3] <&^&«l»lt©gl,'&^. SK^5-y-^ 
y- hill 1 fC*fLT. SK«4^7'y-hli5 4 

7jRi>*y^;w >y-hin i ©±tj (c^-n^tiCTx. 

«|{C^^4U-7 r y-h«@5 4te. 3R7-X®S(5 40 
<Z>±75K0iJx.tf 1 W mgaoS#Lfcg&#£#ir3»## 

[0 0 2 4] KiC. *%BJ{'^-5iiSWJE^Wh7>^X 

«EI5lC*-T#tC. Stl4t7t7M«i5 2t3i 

m&mm<Dmit. mm%z2*y-t>y hmm.7 vm-stm 
miz, mmhy>i?x?W)ftmiz2 o o#frh<Dmii£ 

S^Il, E.o^->«Sft©<ST^ 1 0%JWrti-r-5#> 
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7t7Nffit5 2iV-Xi«5iH |5tf£trjSi|'jl£Jg 
[0 0 2 5] X. 3KSe4U-7y-h*«5 

(vs) i6. ^-r >y-h*®i iowe^is 

i (Vg) 1 8Rtf KU-r>«*9©*JEffciie« (V 
d) 17tli^l.tE«I (Vsgd) 5 6Rtf« 
JE«$&® (Vsge) 5 7Kg=^£*lT. n±VTm& 
«P?IffitSnTH4. X. H5©«©i^l:t), 02 

4ti5t7"y-Mi5 5 t*«»«k:«sarr**© 

[0 0 2 6] i^iC. 0611 0 5 ti- (DMm&ffl— © 

^>->*x^ 6 i v-mfcmvffimzm-tmffiMT'&o. 

0*. 0 5tC^L;t=^#:0iHC, HSKwL&Nt&JBS* 
h«B^3 2S^3t7"y- h«ffi3 3**»J*S 

tlTV^t^lC. HlC y-Xffiigc5 hm4*7±y b 

mm.5 2 tOffl\Z&67ty±v hffi*§£6 2;5SM3n5 
*^»IK4rt»cy-X®«5. S6t7t7h 

S«6 2. ^4*7t7^5 2, ^5^-y-fe->hffi 

SE53. ffitt«6. ^2^-y-t^hffi«7. Sgi^y-t: 
•;/h®J§E8, I3*7t-7hi«3 2Si;KH>« 
9 3WB#cB5>J»J«3n, X^6t7t7h®«6 2 
-kKI&WgUO. 12. 14^LTl6t7y-M 
«6 3jWBj«S*IT*0, Mil**MMMMt4IC*tlxT, 
^6*7y-MI63tt. Sft&BllO, 12^ 
LTSil4t7t7 h«*£5 2-k\ZJ&!$.2tlfzm4V 
7*Y- bm®5 4i0t.»l»ffifCEtSftTV^. 

[0 0 2 7] |&Rttttl&jk(Z>«£*t5. Stt»6"9-^y 
-h«63ll fl|*.tfH6K:ji«Ufc«fc. §iV-7. 
gB«65tC*JLT. iK^4*7'y-hfg5 4 =t 0 fegi 

ii6 3ii ^BE»4it^ , y-h«a5 4G)±*a^a 

SEV— X««5©±^rK**l*tl«*«l tfmgSj£# 
[0 0 2 8] Mi', *»WK«*«Wffi»Blh7>yx 
tfH 6 itf4t7t7hS«5 2i:Si 

[0 0 2 9] X. SttjlS6tl-yy-h««6 3tt. y- 
X«*4 0*JBE«l&«i (Vs) 16. *-f>y-h*« 
HffliEftiSifi (Vg) 18S^KK>«S«90fi 
Ettl&K (Vd) 1 7 &titAtt««JEm6« (Vs g 
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f) 6 4lC«*i£tlT. ffl&bT*JE#J»nJ«i:SftT 
4 , 5 5. 6 3 ©fatl* 1 2 t3j£t^te 3 OCD«HSr*mM 
[0 0 3 0] (ft. H 1 7S£B 6 ©WoSHvf. i!§tt¥3* 

lictucpi^n-r. ifeBHsxtt^ifiiMtoaK. *v> 

^K3«»J©i|fe«K^-Cfc«fcViL, *W4&<Tt>«fc 10 

[0031] £tt¥*ftt*K4 cfet>T. 

S^FM***. MX.f£l 0'7cm' ^-T^^n 

tyhffiiT, 8. 3 2, 5 2. 5 3. 6 2 ICI4. ^FM 
!»36«-&*nTVs*V>A». tV>tt^*tlTUTt>l O' 5 / 

[0 0 3 2] IK. B 1 6 ©WCJHvC, SK¥ 20 

^flll4±CttJ&MRl 0. 12. UtHll. 

13. i 5iaqsctiaft«»T. §iii l. i 
3. i 5©s&sa*3B8&£nTv>*at, utif,iist;« 

[0 0 3 3] &IC, *«WC««KWJEIH)th7>5?X 
MiEEfflK h 5 >^X^©§S^ffi©-jy£0<Jt LT, 

mm?2>rc&<DT.mmwmT$>o. B7 (a) -m. # 30 

7XSIf©ll7 l_hfc. mtf«BECVD8cfc«fcO 
JK/P5 0 Ot/^-f-Jl'Oy'JnvSEtt^e.sKS, S 
^7Xi«7 i*»6©^tt«i©tt**B&Jh-r**©T 

amiusn 2Wj»j&tsti. s»T««fl«7 2±ic. eg 

AtffiffiCVD&ICiOBIJSl 0 Ot/^-WOT^ 

-->y$aabT. Rffit5/w->««, ^mm* 

Mbft^iy | J3>j)^^5¥l*fl7 3£jg 
J*bfc«, SK*i#»l7 3*«5«l:LT. 3KT 40 
HMMU87 2_tfc» «it«|ft£ECVDj*fcJ:0, lgt» 1 
0 0 1 / >t - NKS •> U 3 5 1 5^ 1 ffi W 

7 4*«»J«an4. 

[0 0 3 4] 07 (b) IC^cbfcfiltC. £R$ 

ltt«it7 4±fC, ^li&JECVDffifCj; 9 
fc. U/^lOVcm 1 ^fiTT*. If 5 0t/^ 

v*8tK:J:D#ritb;fcBIJ*2 0 *—Y)V<D9>>? 
X^>->UiM H»t©«B*iai©«tt**EK:^^-=: 
y^llbT. ^<>y-KiI7 9^Ml. 50 
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-f >«« 7 9 ©T#©¥3i#»^ 7 3rtC. SK^-f > 

y- h«® 7 3 tibnfc. ^v^ju&ifcmom&m i 

6£ifflj&b. 5CI/yxh8 0SfflHT. 3K¥ilWlEft 

M7 3F*3©-gBtc. #j;U4-r -*y\L— Ateicio. 

«'JMt>8 1*K-7'LT, 'J>$»10"/cm 
[0 0 3 5] #Cl»-e. B7 (c) iC^bfe^tC. «§»^ 
VDfc&iriD. If2 00ty^-HKOxUa>ijt 

»^fS2.i2«6«8 2^L. sic. ^mm,2m. 

it8 2±i;. «fS*tf^»y^j*IC«fcO. tti¥2 0 0^- 

f 1 t^y- HlTlt>nfcl 1 t7t 7 h«S«8 4 

[0 0 3 6] 0 7 (d) IC^bfcElfC. ^feSg 

lf^-h*i8 5S«5*l:l/T. ^te^2*6ig^ 
8 2±iC. «Atfy5XVCVDftlC4D. II40 0 
^— h;U©^U3>fift«J^6J«*fB3l6IW«8 6 
£7fcJ5£b. MIC. Htt3g3f£l*jR8 6_hf::. MJLfefXrt 
•y^&ICiO. BIJ12 0 0^-7 h^©T;U5zi>7A 
©jg£J£tftb, /1^-^>^«!LSLT. $2W-h 
1I8 7SMU h«@8 7©T7j 

©¥##5S El 7 3 f*3. Mif^gttJl 7 6 i ^IfcSfl 1 * 
7t7M«8 4iOBl:. SKSB21t^y-h««T 
i«tonfc»2*7-fey h««8 3*iB*-r*. ft. 
S2-!t7"y-Hi8 7tt. ^K^l-y-^-hSSS 

5 ©±7jR^my-f >y- hmffi 7 9 ©±#IC*n-6 

*«»SL<. X3H(»l^-h«S8 5 14. 3RH 
K >ffi«c 7 8 ©±7j C 1 vl mXli^n^T®iT"I# 

6. f2t7tyH«8 3, Slt7t7hM«8 

4, HK>««tt. *n-enst***i/Ti9:tt6nT 

(^•5*#$f£btA. 
[0 0 3 7] ft. B2 71»SB6 lC^byc^©ffi©^7-tr 

[0 0 3 8] 

[^0J©^] *«MJc«*aK*B£E»J»h9>^X 
f5jn^i©Wlcii5*#^^bTt>. *7ir^ h®^© 
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tt^ffifc**. •?-©&. 0y*.«2 0 0#jH-CDii5h*lV 
t>3*->«8ftt>0!l;*.tfl 0 %«Tlcffl$f]T-SVrtMfil£:& 

-So 

[HB©flS*ftK9J] 

0J £ !&BJ!T -5 &© Brffi 0T' & 3 „ 
[02] *«W«C«*»BEE»ttH7>^^©— A* 

[0 3] *ftH£ff«KWEEfmh?>$'Xj'CD— Afle 
W£K.9J-r*S&©»rWBI"Tr»*. 
[04] #58WK«*»W£E»fflth7>3>;**©— JW* 

[05] *mmz%z>-&mmnwkh7>*j7,2<D~ mw- 

[0 6] *J8WKifR*WWffi»«th9>^^©-*<*: 
^J*i5JBJT-S>^»©^®0TS)^. 
[0 7] *5e^fc«**BBE»l»h9>5?^^©»ifi^ 



8 ) #1^1 1-345976 

14 

(a) «*##*«7 3&»(fcUfc#ffi. 07 (b) 12 
/^>y-MI7 9^ML«I, 07 (c) H 
»l*^y-h«S8 5£«fi£bfcttJ£> 07 (d) tt 
7^fiELfctftfi8*-5-tl^n*L 

[08] *«Wfc«*fcWJEEaM!lh5>5>X*©»2:a- 
H«7©iti»ftl/fc*>t* (A) 
BE (B) <t©M&£*Lfc^:7T&£. 
[0 9] fie*©igBJE»Mh5>> J X^SriftB^-r-5^>© 
10 WrffiHTT**. 

1 . 2 1. 3 1, 4 1, 51. 61 ffiBEff HI h 5 > 

2 £« 
4 

5 V— X«B 

6 fgttB 

7 i2*7t7h«B« 

8 Slt7t7h«l«i 

20 9 h iw >mm 
1 1 *-r>y-h«« 
13 nif7y-hti 
15 »2-y-^y-Mi«i 
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